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r7-?x^-is*yfrhm\i?B7*&m'%>zb*?i 
{z^sts, tmm i tcie»^aa<or y y ^co^ico i ogg 
v^s**ua±^ry y^yt 1 ^^ • v-^xt- 

] mHE«l«bL=Ly h^mne«R^r y y^ 
tc^-y y^tr. ffisory y ^aWRry v9\z&vt 

W^T^ > l fci BtS^^gcor y y ^ cortco 1 o 
[ff*3S7] K^i^yh^Ena-r^Jiotcryy^ 

(a) lo«li*nBl±«i:9-*L7'yy^S:aig!IS 

(b) mriEx^-teLT-yy^tc^-yy^^^ ry 
y^^ioTWffl§ix^<<x^^-y^ii^lo^ 
(i^iiKUi^EPeJ^g rcoy^ b mtv^#ry y 
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^T^^> hc7)^i?rae o Z. 1 1 . 
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( c ) mmm^-y hw^ «ne»2ry v^^itrisffl 
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[ooo3] z<ommi*. 4t«m\mi-hzkTz*&i 
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Printing] tBth ^m^M^W^ 6 0 
/163, 360f, (2) 1 999*1 l£3B£BIi 
iOTGeneration of Cover She 
ets by a Networked Printe 

r j tmth^mmwm&mme o/i63, 343 

Mt/M. (3) 1 999*1 l£30ftll<7) r E r 
ror Management for a Tand 
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a y F o- ^tefWJ^ a yco&m? e-Sr^ft^OM F P 
HIT4HMLT. ^9«Bftiat««-r4J:-5fc:LTV^. 
— HiSWwfev^T. 3yho-7(i2oc7)^MFP^ 

[0009] ^^T^Wm^otXll M 
2>7u*A£ti3mtZ>l><?>Tfo*) . ZiUZX-oXQimi? 
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[ooio] *mwt . zcom&Rismftt tzimtz 

[ooin z<v%pncD^&Bmte. ztuz'm-rh 
mm%ftm^tifr^±r&Mmmtmz. mmmm 
m^mm^-v z^-f*. ? %mnmm izm^titt 

[0012] ^wnmmmmm^m^mmMtimw 

[00 13] 

Rvm^m±*$tW(vmwRTfxmztt~f & m%. t m o 
[ooi4] mzm i zmm-th t . *wmzi&-o fcn 

^X)J7^7h7-^ (LAN) lOO^D-y^ 

mm&^ztix^&. ^oLANioofi ^7h7- 
7mmmi6ozftLxi®mzmWiZtitz. yr-ou- 

t-A'l 20. 30. 7-^Xf-y3yi 

5 0. ffiftz^ ayha-7X(^xMlO^ 
7t4)V- t-A'l 20M7^Xf-yayi 50 

te. if * L < tt, 4 Vr)V - y 3 ytt(tv 
* 7 ? ^tU. ^'J7 * ;I^-T*N ) OV>f ? orn-fe 
£WLT. t>f;py7h • n-.ifU-^gva (1/7 

>\zx.-?m<ommfi?izm^i>e>x'i>2>. io^i 
(mfp> ii 2a^txi 12b (m^mz^mmmm 

88&1 1 2) Ml«(cBIUT*XM 1 0 *IT 

t^ 0 LANioon /v/. )v—9. m/iz^ mcom. 

[0015] LAN10 OOiftBJJfciStrtiK;:. IgfrtiKO 
XtW^WTf^imW'thk.mz^ *vh*7-7 

V7h^x r 'VF- t'x £ ffift-f fcy >>- H 7 x T V 



9X~hh. 7-^xf-y3y(iI»V7h'>xr$: 
-irtf i 1: lz£->XV-s<b LXmifct&Z: t OTTBTC* 

ztrnz, mm. ep®ww\\ t-*j7 -ijw^ 
mm^r-^xh h^t tmrnx-hh . r v 7 h * 

«i*Wajtf>3 y b° ^ - ^ MK^/o ?J\2kXf 

^iSj2.-)\,x$>&. r$>mmmmm§j tt2o«o«a» 

r?^S»J SjUfi^rtc^* < k t 1 o k S:S«^-& • 
[00 16] rr»J>^ ■ K7>fAj teJzoTSWcSfi 

iikii ( 1 ) ryv^oai»tts#«fii:«t 
^7 * -y 9*mff*^ h&mmzmsnfe?-? 
^^^<mmzn&y°*y ; 7&x'fo2>'t)\ 
(2) v^co^^^ie^-r^k^^xh^. 
vr?y< ^9x^w\mzmw^^-^^m-h 

[00 17] ^H2$r#B3-r^k. MFP112aS 
VWM 1 O^tP^f-^^^irA^yu^^a 
H^^tlTV^I). MFP 1 1 2 a^l/1 1 2h<T>&* 

\m2^zixhXoizmf8&ixx* m2(,z^zti&£ 

FP1 1 2aW$:ilT^I». MFP1 1 2 aCOPXT 
«iMFPl 1 2b^»LTH«*=5iafflS^. 
[0 0 18] MFP 1 12all jff*L<«. JgfifH^ 

-7i-^ (SCS I ) &MfI-f ^-7x-^ 

2 2 0 i?*)VWm£&ts. :<om 

FP1 12ali:. 5gfc»*L<«. ^ISMFPl 12a 

H7x7MV7 h^xT^ >?-y*-X£$mt 

MFP 1 1 2aC7)^3 U^b'r)x7WV7h 
7x7^^-7x^(1 3iMFP112a^'7 
r^^^U^ft^aySr^MFP 1 1 2aH^h 
1 1 0rt^7r7^VtfA2 1 0^iMfi"r^»rk$r 
Jg^nTffikLT^S. MFP1 1 2all ^iMFPl 

\2>a.<nmmzmwthtzwz^ 7>^7;wt 

»J (RAM) £-£itfgJilb<^y 2 6 5k. 7°n/7A^' 

SfJWt^^vs^iit^srD-fe 7^-2 6 o 

k£*?£ t<«4*tf. MFP 1 1 2all i?^L<<5. 
g^ffiU?ffl;<*'J (ROM) XUS^ro^Anrffi 

^rSE^aiLIScffl^^ y ( E PROM ) mn&wx^v 2 
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85^ t>-#tf . M F P 1 1 2 aLimM&VmM<0}X%<7) 
tm&i-zih^ 4 X9 - YyA7 (^m^) Zh^tsZ 
btfX*%&. MFP 1 1 2 ate. SIS K^r^ >- h • 7 

>f-^2 7 5. t>270, tm:, ^WN'tii 

COO 1 9] MFP 1 1 2 ate. L < liMf 4 X 
TW (LCD) ^^H^^^Tl/^ 2 2 5h. ^ 

F P 1 1 2 ai^t'J 2 8 5 ttZmfZtlf^-*? ■ >f y 

3o^^^-ifA^M«i:o*^S)€>. imm? 
* x?va 2 2 3ws^-^fx-ymm.2 3 ote^u- 

? • ayy-;U2 4 0$:ffit. -£*i#^-1f ■ ^fy^- 
[0020]taMl 0te*?£ ^te^-^Sr^X/C 

iJO. yf/u ■ rn-fe yt 2 5 5 it7>f ^ oy 

*tf>Tu-fe.y-»f2 5 5i:B8aiWM 1 0 
te. SMWCJ±««W)MWI^*y2 50 (#£L<teR 

am) y 28 0 (jfiL<iiA-Kfu 

?) £*-f£o 7r 7;x/tfA2 1 0temiSIfiIS$r 
1 Ote. #£L<te. aMH7r^^§y • ^hTWMS 

itf*«j^^y2 5 0rt{cteflea*««LT^&. * 

XM 1 0tealfi-f>'^-^x-X2O 5£**. 
trMtX^U^Xb 1 1 0te^>*;P2 9 0£tf-LT 

mfp 1 1 2tmm-t& 0 »^L<te. awi>f y^-^ 

X.-X2 0 5teSCS LXffif&ZtlT^&o 
[002 1 ] lOte. mzM&L<l±. ;v-F 

*>xT2 1 5MV7h^x7 • ^fy^-7x-X^ 
W7b^x7 ■ -<y^-7x^(i^^b 

I 1 0RAN1 0 0frt>eQffliS37RTfyT7i'$V 
Sfl^arSrSfiL. MFP112K77^y$y- 

a^MFPl 1 2^B£^S.Tfc£^ffi±:LTl^ 
*XM 1 0teJI»X^y 2 8 0{:S?§tl^V7 
f»)x7m, -e^EPBfl^a^ 7r^^$'J • ^ 
Mtffc. Mya^fflm. *XM 1 Ote 
LAN 1 OO^ltnyt 6 ^ • V-^Xf-yg 
VI 5 0^^^fi$^WJ^3 7 f, $:EP@j7 r '-^^^^ 
?~ffcL (MFP 1 1 2fc«*tf«KIB> . ZnmW- 
?&mm<4 ^-7x-X205^UMFPl 12 
^gaSfS. 10(1 LAN 1 OO^teMFP 

I I 2cowftfrfr^m2ntzyT7i'$vmmi;B7 r 

[ 00 2 2 3 JL-if'teTOJ^' a fiOMW— Par- 



is* >1 5 OKtaM 1 0M&KT-#&. repjgij^ 
3^j te. i^WJ^ya V ■ 7*— bTW 

&<> EpJeflS^ffiaiSfL-Si:. ^—fte. *?£L<te. 

• ^^Mill^i:^^^ 

te a 7<r> n tr- ■ # * v F tcfc 3 
-I) F SrfflJSJ^ 3 :T|*3fc:«tf>3&tf . 
[002 3] #£L<te. nyt^-^ • 
>-3V±OJ.-if ■ >fy^7x-X ■ V7Wx7 
te. JL-if ^Wi^a ^SrSSpWSiJ^a LTl&te? 

l/0>£. iW^-KfctJ^T. sfcXM 1 OteEPBO^ 
H^ffltcm^MFP 1 1 2W z *£WB-f&<> *XM 
1 0l«ya7'^(tl)t3b o - - X^ybZ^com 
—MFP 1 1 2-NSfi^. aw*-MFPl 1 2 
te. ^03tr- • f?>b\ t z&WZ>aV-&X$:®m't 

[0 0 24] j'yf'A • ^-WwfctvC. lte 
1 0 te#M FP112CMU, OTJ^ a ^ W£ H 

vwmxh. -mumiz&^x . *xbi i o(i2^i 
ttcoMFP 1 1 2*mmth. Meosat«fc:*5^Ttt. 

3oJ3LiiOMFPl 1 2^fflffl^il^o f'Jffl^iX^MF 
P 1 1 2<r>mztM)^^^ *X bl 1 Ote. t< 
te. EpJSJ^arSrEpJPJLT^SMFPl 12<^T*M 

[002 5] 2l.Xbc7)=7b 0 - • ^^Vb?rf#oEpJS«Jv : 3 
y^^. ^yfA • ^E-Fte. M^L<te. S*^e- 
Kct 0 i>&WZtitziS 3 ^JBliE^k J: OSJS^ft^tx 
Zm&~fZ> o ^V^A • t-hT«SMFPl 1 2^^J 
ffl-r*tcSfc-5T. ^^M 10H *f^L<te. 
^5v^M?^f 3 F^L( r D L B : DynamicLo 
ad Baiancingj )!: LTBf^^iX^7 tt n-b 
x^rfeilrr^ SCOT'S) 0. *fik:J:oTBJJBJ^3rco31 
tfj^iaWM-^S^ ^:W|y 3 7^at- • * 
^vh(cB5LTa«»(i:*-^Six*. 10 
te. #^L<te. jftoconhr-^EpJBJSfi^^aaS' 
mo. MFP 1 1 2teF^r^^>h^#^Tne-$:Ep 
SW6i:. 1 0i>m\2ix&'<<mft'tZ>3V 

^M12ll #^L<te. epai^a^MLTX^ 

litt»L^MFPl 1 2^«ttV^MFPl 1 2 

'^w*H»Jt5&r&. x7-tn mfpi 1 2<nmmt: 
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fpi 1 2tffljpj^3^aj»j*^s*sffs<5o-f'< 

P 1 1 2 Z^MX'tim LfrcoX o K^-^t^zk 

• yyb^xTIt #mL<fl a-fC^yfA • ^ 
- h'cjo i ^m$Zix£J±<v%:&Zi%fe-tZ>*y°i<' 3 y £ 
MifrT&o f£l^Bii:^EP©J£^£*i&<> tU- 

FP112\taM10 (ilSWJ^ 3 /*>£r? fcT- 

tmwvj B^^mitLx^^tht . *xm i 

*«R<50Wffl^riB=a:MFP l 1 2Hfc4HfW-6. HD*>. 
^•M FPI 1 2 H^r y 1 O^fnia±0 

<I*L<c>tf)MFP 1 1 2»41o^ g :/0>£ft:3ir- 

fcwt. *XM 1 Oil ffiKIl Epffl^a/SrM 
I.MFP1 1 2^j£frt&o [2311 ^Ml 0#« 

iiWy 3 /ffl(:MFPi i 2^mw^h^m<^y^- 

[0 0 28] ro-fe^iiEpBJ> ? 3^*SfiStL^fcMJ& 
*XM 1 Oil W*L<«1 EpJH^a^gfi 
ir&S*SO$>& 1 osRtt^ttJaJitOMF P 1 1 2 SrfSSBfl 
-f&. #SL<J1 *XM 1011 Sfrf. MFP1 1 
2$:^-V>^LX. x^-mfeMFPl 1 2c7)fnf 
ft£Hc#£L£o£>£W£ir& (XT7/3 10) . t 
LJC^-^'MFP 1 1 2iOfloai<7)iO(Cl?St^ 
11 *XM 1 OliffitJ^a/JBO^OMFP 1 1 22: 

pi i 2<n&*^mi? B^^mm^m-h (^t-y 

/315) 0 

[00 2 9] *XM 10(1 MFP1 12^ 

mfeX'h&kMftzn&^frzmjtft (xf773 

2 0), TjitScT) 1 ZCOM F P 1 1 2 #EP 

a 7&i±±ifm^-^mzmLx^&mzy* 

-^vbZtlX^&Zt?foZ>. mzn. IEL<*vv^ 

-;\°- * 4 remits ftrv^ -eoMFP 1 1 
2 13 * >? 3 y <r> Qiffliz^mmxfo h 1 5i% z tin h • 



tlMFPl l 2^ffKcot>^^iWS-CJ)Sfc^$ 
*t££4>ll *XM 10(1 i?*L<tl x^-^t 

coMt&^M f p 1 1 2 cofrz mi^B rco^mm^m 

-th (Xf 7/3 2 5 ) . 

[0030] mi 03wa*s^MFPi i 2%m\\ 

Ltzlk. *XM 1 OJiSIBKff^MFP 1 1 2#*<0Ep 
BJ^jL-XliEpej«F^^JS:S»^&. *XM 1 0 
11 EFiL<il ^JM>? 3 ^EpJBI^A-{cfe^WeJ 
y 3 WiiiT'WMFPl 1 2^W9ST£ (Xx 
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Title of the Invention 

DYNAMIC LOAD BALANCING FOR A TANDEM PRINTING SYSTEM 
Detailed Description of the Invention 

NOTICE OF COPYRIGHTS AND TRADE DRESS 
A portion of the disclosure of this patent document contains material which is subject to 
copyright protection. This patent document may show and/or describe matter which is or may 
become trade dress of the owner. The copyright and trade diess owner has no objection to the 
facsimile reproduction by any one of the patent disclosure, as it appears in the Patent and 
Trademark Office patent files or records, but otherwise reserves all copyright and trade dress 
rights whatsoever. 

RELATED APPLICATION INFORMATION 

This application claims priority to U.S. Provisional Patent Application Serial No. 
60/163,344, entitled "Dynamic Load Balancing for a Tandem Printing System," filed November 
3, 1999, which is incorporated herein by reference. 

This application is related to the following U.S. provisional patent applications, each of 
which is incorporated herein by reference: (1) US. Provisional Patent Application Serial No. 
60/163,360, entitled "Synchronous Printing," filed November 3, 1999; (2) U.S. Provisional 
Patent Application Serial No. 60/1 63,343, entitled "Generation of Cover Sheets by a Networked 
Printer;* filed November 3, 1999; and (3) U.S. Provisional Patent Application Serial No. 
067163,272, entitled "Error Management for a Tandem Printing System," filed November 3, 
1999. 

BACKGROUND OF THE INVENTION 

J, Field of the Invention 
25 The present invention relates generally to image forming apparatuses and, more 

particularly, relates to methods and apparatuses for allocating print Jobs among plural image 
forming apparatuses. 
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2. Description of Related Art 

One primary feature in an effective print system is the amount of time that it takes to 
output a print job. Generally, a user desires to output a print job as quickly as possible. Toward 
this end, most contemporary operating systems, such as Microsoft Windows, permit a user to 
5 print a document to any number of printers that communicate with a computer workstation. 

The host computer is often a computer workstation on a network. The application 
program sends the document to a printer driver, which, in conjunction with the operating system, 
converts the document into a language readable by the printer, which sometimes comprises the 
combination of a printer controller coupled to a print engine. The document is formatted by the 
10 printer controller and sent to the print engine for printing. Each step in this process is desirably 
performed in an efficient manner in order to minimize the time required for the printer to start 
outputting the document. 

Often, the user desires to print multiple copies of a document using a single print 
command. Most document processing applications, such as word processors, allow the user to 

15 specify a multiple copy count for a print job, wherein the printer prints multiple copies of a 
document. If a single printer is charged with printing the multiple copies, the amount of time 
required for printing increases as the number of copies increases because the single printer bears 
the entire print load. One way of decreasing the amount of time required to print multiple copy 
print jobs is by allocating the copies among multiple printers. The copies are desirably allocated 

20 in an efficient manner in order to reduce the amount of time required to print the entire job. 

However, several complications are introduced when dividing a print job among several 
copiers. First, the output of the printers must be properly managed to ensure that the printers 
only output the desired number of copies of a document. It is an inefficient use of both time and 
resources if any of the printers output extra copies of a document. Additionally, the status of 
25 each of the printers must be monitored to ensure that none of the printers are interrupted while 
printing a print job, such as when an error occurs. None of these complications are present where 
a single printer outputs an entire print job. 

i<M 1 1.2 7 
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SUMMARY OF THE INVENTION 

The previously described problems are solved by the image processing and output system 
disclosed herein. The system includes one or more computer workstations that are 
communicatively coupled to a controller. The controller is communicatively coupled to plural 
5 multifunction peripherals (MFPs) for printing. The controller divides multiple copies of a print 
job between the multiple MFPs in order to decrease the overall print time. In one embodiment, 
the controller utilizes only two MFPs. In another embodiment, more than two MFPs are utilized. 
Regardless of the number of MFPs utilized, all of the MFPs are desirably controlled by the same 
controller. 

10 The apparatus and process described herein desirably provides improved job processing 

capacity and higher reliability. In utilizing multiple MFPs, the controller initiates a process, 
referred to as dynamic load balancing, by which the progress of a print job is continually 
monitored, particularly with respect to the copy count of the print job. For a multiple copy print 
job. the controller actively adjusts the remaining copy count as the MFPs prints each copy of a 

1 5 document. Additionally, the controller monitors error occurrences with respect to print jobs and 
reroutes interrupted print jobs from a stalled or failed MFP to a functioning MFP. The controller 
also prevents a print job from being rerouted more than a predetermined number of times. 

Still further objects and advantages attaching to the device and to its use and operation 
will be apparent to those skilled in the art from the following particular description. 
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DESCRIPTION OF THE DRAWINGS 

Further objects of this invention, together with additional features contributing thereto 
and advantages accruing therefrom, will be apparent from the following description of a 
preferred embodiment of the present invention which is shown in the accompanying drawings 
5 with like reference numerals indicating corresponding parts throughout and which is to be read in 
conjunction with the following drawings, wherein: 

Figure 1 is a block diagram of a LAN including a plurality of multifunction peripherals. 

Figure 2 is a block diagram of a data processing system including a Host and a first multifunction 
peripheral. 

10 Figure 3 is a flowchart relating to a method of routing a print job to a multifunction 

peripheral in order to minimize the required print time. 

Figure 4 is a flow chart of a method of inhibiting a print controller from infinitely 
rerouting a print job between multiple multifunction peripherals. 

Figure 5 is a flow chart of a method of allocating multiple-copy print jobs among plural 
1 5 printers. 

These and additional embodiments of the invention may now be better understood by 
turning to the following detailed description wherein an illustrated embodiment is described. 
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DETAILED DESCRIPTION OF THE INVENTION 

Throughout this description, the preferred embodiment arid examples shown should be 
considered as exemplars, rather than limitations on the apparatus and methods of the present 
invention. 

5 Referring now to Figure 1 there is shown a block diagram of a local area network (LAN) 

100 in accordance with the present invention. The LAN 100 includes a file server 120, printer 
130, workstations 150, and a controller or Host 110 coupled to one another via network 
communications lines 160. The file server 120 and workstations 150 are preferably those well 
known in the art, such as computers having Intel Corporation (Santa Clara, California) 
10 microprocessors and running Microsoft Corporation (Redmond, Washington) Windows or 
Windows NT operating systems. One or more hard output units or multifunction peripherals 
(MFP) 1 1 2a and U2b (collectively multifunction peripherals 1 12) are communicatively coupled 
to the Host 110. The LAN 100 may also include hubs, routers and other devices (not shown). 

Before proceeding to describe the LAN 100, a few terms are defined. By "File server," it 
15 is meant a computer which controls access to file and disk resources on a network, and provides 
security and synchronization on the network through a network operating system. By "server," it 
is meant hardware or software which provides services to other hardware or software. By 
"workstation," it is meant a client computer which routes commands either to its local operating 
system or to a network interface adapter for processing and transmission on the network. A 
20 workstation may function as a server by including appropriate software, and may be for example, 
a print server, archive server or communication server. By "software*' it is meant one or more 
computer interpTetable programs and modules related and preferably integrated for performing a 
desired function. A "multifunction peripheral" is a peripheral which provides the functions of 
more than one peripheral, typically providing printing and at least one of: copying, scanning and 
25 faxing. 

By "printer driver*' it is meant (1) a program which takes into account the physical 
characteristics of a printer and which is used to convert graphics and text into device- specific 
data at the time of printing; or (2) a file which describes the physical characteristics of a printer 
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and which is used by an operating system or other software to convert text and graphics into 
device-specific data at the time of printing. 

Turning now to Figure 2, there is shown a block diagram of a data processing system 
comprising the MFP 1 12a and the Host 1 10. Each of the MFPs 11 2a and 11 2b are configured as 
5 shown in Figure 2 and are communicatively coupled to the same Host 1 10 as shown in Figure 2. 
However, for ease of illustration, Figure 2 shows only a single MFP 1 12a. The following 
description of MFP 1 12a applies equally to MFP 1 12b. 

The MFP 112a preferably comprises a high output digital copier having a 
comrnunications interface 220, which as presently embodied comprises a small computer 

1 0 systems interface (SCSI). The MFP 1 12a further preferably comprises a hardware and software 
interface which allows the MFP 1 12a to receive rasterized print jobs from the Host 1 10, manage 
the print jobs as well as its own copy jobs, and print the print jobs. The hardware and software 
interface of the MFP 1 12a further allows the MFP 1 12a to forward facsimile send jobs from the 
MFP 112a to a fax/modem 210 in the Host 1 10. The MFP 112a includes a short term memory 

1 5 265. which preferably comprises random access memory (RAM) and a processor 260 in which 
programs arc stored and run, respectively, for controlling the functions of the MFP 1 12a. The 
MFP 1 12a preferably also includes a long term memory 285 such as a read only memory (ROM) 
or electronically programmable read only memory (EPROM). The MFP 1 12a may also include a 
disk drive (not shown) for both long term and short term storage. The MFP 112a includes 

20 standard components including an automatic document feeder 275, paper bin 270 and paper 
output tray 235. 

The MFP U2a includes a non-fiaed display 225, preferably a liquid crystal display 
(LCD), and a user input device 230, such as button switches. The MFP 1 12a has user interface 
software stored in the memory 285 which is responsible for displaying information on the 
25 display 225 and interpreting user inputs from the oser input device 230. The non-fixed display 
225 and user input device 230 comprise an operator console 240, which, together with the user 
interface software, comprise a panel subsystem. 
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The Host 110 preferably comprises a server, and is a computer having an Intel processor 
255 and running Microsoft Windows NT. In conjunction with the processor 255, the Host 110 
has a short term memory 250 (preferably RAM) and a long term memory 260 (preferably a hard 
disk) as known in the art. A fax/modem 210 is for sending and receiving facsimiles via 
5 telephone lines. The Host 110 preferably provides storage, for example in long term memory 
250, for holding incoming facsimile transmissions for extended periods and in substantial 
amounts when a hold is placed on printing facsimile jobs. The Host 1 10 includes a 
communications interface 205 through which the Host 1 10 communicates with the MFPs 1 12 via 
a channel 290. Preferably, the communications interface 205 is configured as a SCSI Host. 

IQ The Host 1 10 further preferably comprises a hardware 215 and software interface which 

allows the Host 110 to receive print jobs and facsimile send jobs from the LAN 100, receive 
facsimile jobs from the MFPs 112 and transmit rasterized print jobs totheMFP 110. The Host 
1 1 0 includes management software stored in the long term memory 280 for managing print jobs, 
facsimile jobs and scan jobs. The Host 110 rasterizes print jobs received from the computer 

15 workstation ISOviatheLAN 100 into print data (in a form native to the MFPsl 12) and transmits 
the print data to the MFPs 1 12 via the communications interface 205. The Host 110 executes 
facsimile send jobs, received from either the LAN 1 00 or the MFPs 1 1 2, on the fax/modem 210. 

A user can submit a print job to the Host 1 10 from any of the workstations 150. A "print 
job" is defined as a file containing data descriptive of a document to be printed, contrasted with 
20 documents in various application formats. When submitting a print job request, the user 
preferably specifies a copy count, which is the number of copies of the document in the print job 
that the user desires to be printed. The copy count can be any whole number greater than or 
equal to 1. Preferably, the computer workstation 150 embeds within a print job a command that 
specifies the number of copies in the job's copy count. 

25 Preferably, a user interface software on the computer workstation allows the user to 

designate a print job as either a standard mode print job or as a tandem mode print job. In the 
standard mode, the Host 110 utilizes only a single MFP 1 12 for print jobs. The Host 110 sends 
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the entire copy count in the print job to the single MFP 1 12. The single MFP 1 1 2 then prints all 
of the copies in the copy count. 

In the tandem mode, the Host 1 10 utilizes multiple MFPs 1 1 2 in printing a job in order to 
decrease the overall print time. The Host 1 10 assigns each MFP 1 1 2 the task of printing one or 
5 more complete copies of the document in the print job. In one embodiment, the Host 1 10 utilizes 
only two MFPs 1 12. In another embodiment, more than two MFPs 1 12 are utilized. Regardless 
of the number of MFPs 1 12 utilized, the Host 1 10 desirably controls all of the MFPs 1 12 that are 
printing the print job. 

For print jobs with a copy count greater than 1, tandem mode desirably provides 
1 0 improved job processing capacity and higher reliability than standard mode. In utilizing multiple 
MFPs 112 in tandem mode, the Host 110 preferably initiates a process, referred to as dynamic 
load balancing ("DLB"), by which the progress of a print job is continually monitored, 
particularly with respect to the copy count of the print job. The Host 1 10 preferably keeps track 
of how many copies have been printed. As the MFPs 112 print each complete copy of a 
15 document, the Host 110 also actively tracks the number of copies in the copy count that remain 
to be printed. Additionally, the Host 112 preferably monitors error occurrences with respect to 
print jobs and reroutes interrupted print jobs from a stalled or failed MFP 112 to a functioning 
MFP 112. An error is any event that disables an MFP 1 12 from printing or causes an MFP 112 
to interrupt the printing of a print job. An error may be caused by hardware or software 
20 malfunction or by user interaction, such as if a user manually interrupts an MFP 112 while the 
MFP 112 is printing. 

When a user designates a print job as a tandem mode print job, the user interface software 
preferably provides the user with the option to designate one or more variations of tandem mode. 
A first variation is referred to a Print to Best. When the user selects Print to Best for a print job. 
25 the Host 1 1 0 sends the entire copy count of a print job to whichever MFP 1 10 can output the 
print job in the least amount of time. Another variation of tandem mode is referred to as Print to 
Multiple. In some embodiments, where there are only two MFPs, the tandem mode may be more 
preferably referred to as "Print to Both." When the user designates a print job as Print lo 
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Multiple, the Host 1 10 divides the copies in a multiple copy count print job between the available 
MFPs 1 12. That is, each MFP 1 12 is assigned the task of printing one or more complete copies 
of the document. The MFPs 112 thus share the duty of printing the multiple copies of a job. 

As mentioned, in the Print to Best printing mode, the Host 110 preferably sends print jobs 
to whichever MFP 112 that can output the print job in the least amount of time. Figure 3 is a 
flow chart of a method by which the Host 110 selects an MFP 112 for a Print to Best job. 

The process begins when a print job is received. The Host 1 1 0 preferably identifies one 
or more MFPs 112 that are eligible to receive the print job. Preferably, the Host 1 10 first polls 
the MFPs 112 and determines whether an error is present in any of the MFPs 112 (step 310). If 
an error is present in any one of the MFPs 1 1 2, then the Host 1 10 automatically disqualifies that 
MFP 1 12 for the print job and considers only the error-free MFPs 1 1 2 for receipt of the print job 
(step 315). 

The Host 1 10 next determines whether any of the MFPs 1 1 2 should be disqualified from 
receiving a print job for other reasons (step 320). One reason for disqualification is that the MFP 
112 is improperly formatted with respect to the finishing or paper requirements of the print job. 
For example, an MFP 112 may be disqualified from printing the job because the MFP 112 is 
equipped with the incorrect paper type. If any of the MFPs 112 are disqualified then the Host 
1 10 preferably considers only the error-free, qualified MFP(s) 1 12 for receipt of the print job 
(step 325) 

After the Host 110 identifies the qualified MFPs 112, then the Host 110 examines the 
print queues of each of the identified MFPs 1 12. The Host 110 preferably assigns the print job to 
the MFP 1 1 2 with the lowest quantity of print jobs in its print queue (step 330). The MFP 1 1 2 
that is assigned the print job is referred to as the "assigned MFP 112" When the Host 110 
assigns a print job to an MFP 1 1 2, the Host 1 10 either immediately sends the print job to the 
assigned MFP 1 12 for printing or places the print job in the assigned MFP's print queue. A print 
queue comprises a list of print jobs that arc scheduled to be printed on an MFP 1 12. The Host 
110 typically maintains a print queue for each of the MFPs 1 12 in memory local to the Host 110 
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and places print jobs in an MFP's queue in the order received from the workstations 150. The 
Host 1 10 then sends the print jobs to the MFPs 11 2 for printing in the same order as the jobs are 
arranged in the print queue. 

Once the assigned MFP 112 begins priming a print job. the Host HOkeeps counl ofhow 
many complete copies of the document in the print job that the assigned MFP 112 has printed. 
The Host 1 10 can thereby keep track of how many copies remain to be printed by subtracting the 
number of completely printed jobs from the copy count, 

Until the all of the copies of the print job have been completely printed, the Host 110 
preferably continually monitors the status of the assigned MFP 112 (steps 335). If the Host 110 
detects that the assigned MFP 112 is unable to complete the print job due to an error, the Host 
110 preferably identifies an alternate MFP 112 according to the criteria of steps 310, 320, and 
330. Once the alternate MFP 112 is identified, the Host 110 assigns the alternate MFP 112 the 
task of printing the remaining copies in the copy count Prior to assigning the print job to the 
alternate MFP 112, the Host preferably waits a predetermined time period to allow time for the 
error to be corrected. The Host 110 repeats steps 310-335 for the alternate MFP 112 until the 
entire copy count of the print job is completely printed. 

Although it is desirable to reroute a print job that is interrupted due to an error, the 
dynamic load balancing feature desirably prevents the Host 1 10 from infinitely rerouting print 
jobs back and forth between MFPs 1 12. Figure 4 shows a flow chart of a method of preventing 
the Host 110 from infinitely rerouting a print job back and forth between MFPs 112. The 
process begins when the Host 1 10 sends a print job to an MFP 1 12 (the "assigned MFP 112 ') for 
printing. Foi a given print job, the Host 110 preferably keeps a record of the number of times 
that the prinl job has been rerouted from one MFP 112 to another MFP 112. The record is 
referred to as the Job Move Count. In step 405, the Host 110 sets the Job Move Count for the 
current print job to zero. The Host 110 then polls the assigned MFP 1 12 to ascertain the status of 
the assigned MFP 1 12 with respect to the print job (step 410). 
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In step 415, the Host 110 detects an error in the assigned MFP 112 with respect to the 
print job. The Host 110 preferably then determines whether any other MFPs 1 12 are error-free 
and identifies such MFPs 1 12 (step 420). If the Host 110 identifies an error-free MFP 112, the 
Host 110 then examines the Job Move Count and determines whether the Job Move Count has 
reached a maximum limit (step 425). If the Job Move Count has reached the limit then the Host 
110 does not reroute the print job to another MFP 112. The Host 110 preferably waits a 
predetermined time span to provide time for correction of the error (step 450). The error can be 
corrected by user interaction or through action of the Host 1 10. Preferably, the Host deletes the 
print job from the print queue if the error is not corrected within the time span. 

If the Host 110 determines that the Job Move Count has not reached the limit and if the 
Host identifies an error-free MFP 1 12, then the Host 110 deletes the print job from the assigned 
MFP 112 (step 430). The Host 1 10 then reroutes the print job to an error-free MFP 1 12 (the 
"alternate MFP 112 '} (step 435). As mentioned, the Host 110 preferably keeps track of how 
many complete copies of the document in the print job have already been printed. When 
rerouting the print job to the alternate MFP 112, the Host 110 includes instructions to print only 
the remaining number of copies in the print job. 

The Host 110 then increases the Job Move Count for the print job by one (step 440). In 
step 445, the Host determines whether the prim job is complete (step 445). The print job is 
complete when the entire copy count for the print job has been printed. If the job is not 
complete, then the Host 1 10 returns to step 410 and polls the MFP 1 12 that received the rerouted 
print job. The process is then continued for the new MFP 1 12. Advantageously, the monitoring 
of the Job Move Count record prevents the print job from being rerouted beyond a predetermined 
maximum limit. 

Figure 5 shows a flow chart that describes a method of allocating Print to Multiple print 
jobs among plural printers. The Print to Multiple option is preferably available for print jobs that 
have a copy count greater than 1. As mentioned, the Host 110 divides the copies in a Print to 
Multiple print jobs among the available MFPs 112 in order to decrease total print time. The 
method is described for an embodiment where two MFPs 1 12 are communicatively coupled to 
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the Host 1 1 0, although the method can be modified for greater than two MFFs 112. The method 
begins when the Host 110 receives a Print to Best print job from the computer workstation 150 
(step 510). 

The Host 110 divides the copies in the copy count of the print job between the MFPs 112. 
5 In one embodiment, the Host 1 10 initially divides the copy count equally between the available 
MFPs 112. Thus, if two MFPs 1 1 2 are coupled to the Host 1 3 0, then the Host 1 1 0 divides the 
copy count by two. The Host 1 10 then assigns each MFP 1 12 the task of printing half the copy 
count. For example, if the copy count is eight, then the Host 110 initially sends instructions to 
each MFP 1 12 to print four complete copies of the document in the print job. 

10 The Host 110 preferably periodically polls the status of each MFP 1 1 2 with respect to the 

print job (step 525). The Host 1 10 preferably keeps a running tab of how many complete copies 
of the print job document have been printed by each MFP 112 and how many complete copies 
remain to be printed. For reference purposes, the quantity of copies that remain to be printed for 
each MFP 1 1 2 is referred to herein as the MFP's "assignment count." The assignment count is 

15 an indicator of the load on each MFP 1 12. For each MFP 1 12, the Host 110 preferably reduces 
the assignment count by one every time the MFP 1 12 prints a complete copy of the document. 

Additionally, the Host 110 monitors the status of the MFPs 1 12 for changes, particularly 
with respect to errors that cause printing interruption on any of the MFPs 1 12. If the Host 110 
detects an error in one of the MFPs 1 12 (the error-ridden MFP 112) and detects no error in the 

20 other MFP 1 12 (the error-free MFP 112} (step 530), the Host 110 preferably reassigns at least a 
portion of the error-ridden MFP's printing duties to the error-free MFP. That is, the Host 110 
increases the assignment count for the error-free MFP 112 and decreases the assignment count 
for the error-ridden MFP 1 12. The assignment count for the error-free MFP 112 is increased by 
the same amount that the assignment count for the error-ridden MFP is decreased. Prior to 

25 reallocating the assignment count, the Host 110 preferably waits a predetermined time span to 
allow time for the error to be corrected. 
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In one embodiment, the Host 1 10 reassigns the entire assignment count for the error- 
ridden MFP 1 12 to the error-free MFP 1 12. The error-ridden MFP1 12 is thereafter left with an 
assignment count of zero. The Host 110 increases the assignment count for the error-free MFP 
1 12b accordingly. That is, the error-free MFP 1 12 is assigned the task of printing all the copies 
5 of the document that error-ridden MFP 1 1 2 did not complete. 

In another embodiment, the Host 110 reassigns only a limited quantity of copies to the 
error-free MFP 112 from the error-ridden MFP 112. The error-ridden MFP 112 is preferably left 
with a limited assignment count go that if the error is corrected, the error-ridden MFP 112 can 
immediately start printing its assignment count. In such a case, the quantity of copies that the 

10 Host 110 reassigns preferably is determined by the rate at which each of the MFPs 112 can 
receive and process print data and the rate at which the MFPs 1 12 can print sheets of paper. In 
one embodiment, the Host 110 reassigns the lesser quantity of! (1) one-half of the quantity of 
total copies that remain to be printed by both MFPs 112; and (2) a quantity of copies K, where K 
is determined by the speed at which the error-ridden MFP 1 12 prints sheets of paper. For an 

1 5 MFP ] 112 that prints sheets at 65 pages per minute, K is equal to 3. 

With reference now to step 540, if the Host 110 does not detect an error in either of the 
MFPs 1 12, the Host 110 nonetheless examines the assignment count for each MFP 112 in order 
to ascertain whether the print load is balanced between the MFPs 112. The Host 1 10 preferably 
maintains a balance between the assignment counts of each of the MFPs 1 12. For example, if the 
20 assignment count for one of the MFPs 112 falls below the assignment count of the other MFPs 
112, then the Host 110 considers reassigning copies from the MFP U2 with the higher 
assignment count to the MFP(s) 112 with the lower assignment count. The assignment counts 
may be become unbalanced between the MFPs 112, for example, if one of the MFPs 112 is 
printing at a slower rate than me other MFPs 112. 

25 For ease of reference, the quantity of copies remaining to be printed on the first MFP 

1 1 2a Is referred to as Rl and the quantity of copies remaining to be printed on the second MFP 
1 1 2b is referred to as R2. The difference between Rl and R2, if any, is referred to as DR. If DR 
Is zero, then MFP 1 12a and MFP 112b each has an equal quantity of copies of the document 
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remaining lo be printed. In such a case, the Host 110 does not reassign copies of the document 
from one MFP 112 to the other MFP 1 12. However, if DR is greater than zero, then one of the 
MFPs 1 12 has more copies remaining to be printed than the other MFP 112. The Host 110 
preferably then Te-balances the load on the MFPs 112 (step 545) if DR is greater than a 
5 predetermined value. 

Ln one embodiment wheTe DR is greater than zero, the Host 110 reassigns copies of the 
document from one MFP 1 1 2 to another MFP U 2 as follows. Assuming that Rl is less than R2, 
the Host 110 reroutes copies from MFP H2a to MFP 112b if: (1) Rl is less than DR; and (2) R2 
is greater than 2*DR. If the condition is satisfied, then the Host 110 increases the assignment 
10 count of MFP 1 12a and decreases the assignment count of MFP 1 12b by the minimum of: (1) 
one-half of the quantity of total copies that remain to be printed; and (2) the quantity K. As 
mentioned, K is equal to 3 for an MFP 1 1 2 that prints at a rate of 65 pages per minute. If R2 is 
less than Rl, then the Host 110 reroutes copies from MFP 112b to MFP U2a if: (1) R2 is less 
than DR; and (2) Rl is greater than 2*DR. . 

15 The Host 110 preferably continually updates the assignment count for each MFP 1 12 as 

the MFPs 112 print copies of the document (step 550). Until the entire copy count of the print 
job is complete, the Host 1 10 preferably continues to monitor the status of the MFPs 112 with 
respect to the print job (step 555). If any errors are detected or if the assignment count becomes 
unbalanced, the Host 1 1 0 preferably adjusts the assignment count of each MFP 1 12 as described 

20 above. 

Although exemplary embodiments of the present invention have been shown and 
described, it will be apparent to those having ordinary skill in the art that a number of changes* 
modifications, or alterations to the invention as described herein may be made, none of which 
depart from the spirit of the present invention. All such changes, modifications and alterations 
25 should therefore be seen as within the scope of the present invention. 
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It is claimed: 

1 . A method of sending a prim job from a computer workstation to one or more printers in a 



2 plurality of printers, each of the plurality of printers communicatively coupled to ihe same 

3 control unit, the control unit being communicatively coupled to a computer workstation on a 

4 computer network, the method comprising: 



5 


(a) 


the control unit identifying one or more error-free printers; 


6 


(b) 


the control unit polling the error free printers to ascertain a prim queue for each 


7 




printer, the print queue comprising a list of one or more print jobs scheduled to be 


8 




printed by a printer; 


9 


(c) 


the control unit identifying a first printer, the first printer comprising the error-free 


10 




printer with the lowest quantity of print jobs in its print queue; 


11 


<<*) 


the control unit routing the print job to the first printeT for printing; 


12 


(e) 


Che control unit monitoring a status of the print job with respect to the first printer, 


13 


(0 


the control unit detecting an error in the first printer with respect to the print job, 


14 




wherein the error causes the first printer to be unable to complete the print job; 


15 


(g) 


the control unit repeating (a) through (c) and identifying an alternate printer, 


16 




wherein the alternate printer comprises the error- free printer with the lowest 


17 




quantity of print jobs in its print queue; 


18 


(h) 


the control unit deleting the print job from the first printer and rerouting the print 


19 




job to the alternate printer for printing; 


20 


(i) 


if the control unit detects an error in the alternate printer with respect to the print 


21 




job, the control unit identifying subsequent alternate printers and rerouting the 


22 




print job to the subsequent alternate printers until the print job is completely 


23 




printed. 
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1 2. The method of sending a print job from a computer workstation to one or more printers in 

2 a plurality of printers of claim I, wherein the Host maintains a Job Move Count record 

3 comprising the quantity of times that the Host reroutes the print job, wherein the Host does not 

4 reroute the print job if the Job Wove Count has reached a predetermined maximum limit 

1 3. The method of sending a print job from a computer workstation to one or more printers in 

2 a plurality of printers of claim 1 , wherein the print job comprises a single copy of a document. 

1 4. The melhod of sending a print job from a computer workstation to one or more printers in 

2 a plurality of primers of claim 1, wherein the print job includes plural copies of a document and 

3 further comprising the control unit maintaining a copy count record that indicates the number of 

4 copies remaining to be printed, the control unit further keeping track of the number of complete 

5 copies of the document that are printed by the printers. 

6 5. The method of sending a print job from a computer workstation to one or more printers in 

7 a plurality of printers of claim 1, the method further comprising the control unit receiving a print 

8 job from the computer workstation. 

1 6. The method of sending a print job from a computer workstation to one or more printers in 

2 a plurality of printers of claim 1 , the method further comprising the control unit polling the 

3 plurality of printers to determine whether any printers are disabled due to the presence of an error 

4 in the printer. 
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1 7. A control unit for instructing a printer to print a document, the control unit including 

2 computer readable software for causing the control unit to: 



3 


(a) 


identify one or more error-free printers; 


4 


(b) 


poll the error free printers to ascertain a print queue for each printer, the print 


5 




queue comprising a list of one or more print jobs scheduled to be printed by a 


6 




printer, 


7 


(c) 


identify a first printer, the first printer comprising the error-free printer with the 


8 




lowest quantity of print jobs in its prinl queue; 


9 


(d) 


rout the print job to the first printer for printing; 


10 


(e) 


monitor a status of the print job with respect to the first printer; 


U 


<f> 


detect an error in the first printer with respect to the print job, wherein the error 


12 




causes the first printer to be unable to print the print job; 


13 


(g) 


repeat (a) through (c) and identify an alternate printer, wherein the alternate 


14 




printer comprises the error-free printer with the lowest quantity of print jobs in its 


15 




print queue; 


16 


(h) 


delete the print job from the first printer and rerouting the print job to the alternate 


17 




printer for printing; 


18 


(i) 


if the control unit detects an error in the alternate printer with respect to the print 


19 




job, identify subsequent alternate printers and rerouting the print job to the 


20 




subsequent alternate printers until the print job is completely printed. 



1 8. The control unit of claim 7, wherein the computer readable software further causes the 

2 control unit to maintain a Job Move Count record comprising the quantity of times that the 

3 control reroutes the print job, and wherein the control unit does not reroute the print job if the 

4 Job Move Count has reached a predetermined maximum limit. 
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1 9. The control unit of claim 7, wherein the print jab comprises a single copy of a document. 

1 10. The control unit of claim 7, wherein the print job includes plural copies of a document 

2 and wherein the computer readable software further causes the control unit to maintain a copy 

3 count record that indicates the number of copicj remaining to be printed, and to keep track of the 

4 number of complete copies of the document that are printed by the printers. 

1 11. The control unit of claim 7, wherein the computer readable software further causes the 

2 control unit to receive a print job from the computer workstation. 

1 12. The control unit of claim 7, wherein the computer readable software further causes the 

2 control unit to poll the plurality of printers to determine whether any printers are disabled due to 

3 the presence of an error in the printer. 

1 13. A method of sending a print job to one or more printers in a plurality of printers, each of 

2 the plurality of printers communicatively coupled to the same control unit, the method 

3 comprising: 

the control unit identifying plural printers eligible to receive the print job, wherein 
the print job comprises plural copies of a document; 

the control unit allocating the plural copies of the document among the identified 
printers comprising the control unit assigning each of the identified printers with 
the task of printing at least one copy of the document; 

the control unit keeping track of how many copies of the document are printed by 
each of the identified printers 

the control unit determining that a first printer includes an error that renders the 
printer unable to continue printing additional copies of the document; 
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! 3 ( e ) the control unit reallocating the remaining unprintcd copies of the document in the 

1 4 print job among error-free printers. 

1 14. The method of sending a print job to one or more printers in a plurality of printers of 

2 claim 13. the method ftirther comprising the control unit receiving the print job from the 

3 computer workstation.. 

1 15. The method of sending a print job to one or more printers in a plurality of printers of 



2 claim 1 3, the control unit determining the first printer no longer includes an error and the control 

3 unit reallocating the remaining, unpriced copies of the document in the print job among the 

4 plural print jobs. 

1 16. A method of monitoring a print job being printed by a plurality of printers, each of the 

2 plurality of printers communicatively coupled to the same control unit, the print job comprising 

3 plural copies of a document, the method comprising: 



4 (a) the control unit keeping track of an assignment count for each of the printers, the 

5 assignment count comprising the number of copies of the document that remain to 

6 be printed by a printer; 

7 (b) the control unit determining that a first printer has more copies of the document 

8 remaining to be printed than a second printer; 

9 (c) the control unit decreasing the assignment count of the first printer by a first 
10 amount and increasing the assignment of the second printer by the first amount. 



1 1 7. The method of claim 1 6, additionally comprising the control unit determining that a first 

2 printer is unable to continue printing copies of the document. 
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1 ] 8. The method of claim 1 7, additionally comprising the control unit setting the assignment 

2 count of the first printer to zero and readjusting the assignment count remaining, error-free 

3 printers. 

1 19. A method of monitoring a print job being printed by a first printer and a second printer, 

2 each of the first and second printers communicatively coupled to the same control unit, the print 

3 job comprising plural copies of a document, the method comprising: 

4 (a) the control unit keeping track of an assignment count for each of the printers, the 

5 assignment count comprising the number of copies of the document that remain to 

6 be printed by a respective printer, 

7 (b) the control unit determining that the first printer is printing at a slower speed than 

8 the second printer, 

9 (c) the control unit increasing the assignment count of the second printer and 

10 decreasing the assignment count of the first printer in order to compensate for the 

1 1 slower printing speed of the first printer. 

1 20. The method of claim 19, additionally comprising the control unit determining that the 

2 first printer is unable to continue printing copies of the document in the print job, and the control 

3 unit setting the assignment count of the first printer to zero. 

1 21. The method of claim 20, additionally comprising the control unit adjusting the 

2 assignment count of the second printer so that the second printer is assigned the task of printing 

3 the number of copies of the document that remained to be printed by the first printer. 
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ABSTRACT OF THE DISCLOSURE 
The disclosure relates to methods and apparatus for allocating a print job among multiple 
printers. The apparatus includes one or more computer workstations that are communicatively 
coupled to a controller. The controller is communicatively coupled to plural multifunction 
peripherals (MFPs) for printing. The system provides a user an option of designating a print job 
as a tandem mode job, wherein a controller utilizes the multiple MFPs in printing the job in order 
to decrease the overall print time. In one embodiment, the controller utilizes only two MFPs. In 
another embodiment, more than two MFPs are utilized. Regardless of the number of MFPs 
utilized, all of the MFPs are desirably controlled by the same controller. 

Representative Drawing: Tig. 2 
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